any . educators believe responsiveness to intervention (RTI) is a Fundamencal reorganization of service delivery-a promising reconfiguring of general and special education into one unified set of multiple and increasingly intensive tiers of skills-based instruction (cf. Fuchs, Fuchs, & Stecker, 2010) . Skills-based instruction here means instruction reflecting an intent to strengthen academic skills (e.g., lettersound correspondence and math problem solving) and to enhance knowledge in areas such as social studies and science. We also use the term to signify an approach inspired by Direct Instruction (DI; e.g., Becker, Englemann, Carnine, Si Rhine, 1981) . According to Gersten, Woodward, and Darch (1986) , the key to DI is that "materials and teacher presentation of [these] materials must be clear and unambiguous" (p. 18), "much more detailed and precisely crafted" (p. 19) than the norm, for successful use with students with academic challenges. Moreover, wrote Gersten et a!. (1986) , this instruction "must contain clearly articulated [learning] strategies" (p. 19): a step-bystep process involving teaching to mastery, a procedure for error correction, a deliberate progression from teacher-directed to student-directed work, systematic practice, and cumulative review {cf Gersten et al., 1986) .
A belief in the efficacy of skills-based instruction seems well founded. When implemented with fidelity, carefully scripted programs in reading, writing, and math-often involving learning strategies similar to DI-have been shown to benefit numerous at-risk students (e.g., Graham & Perin, 2007; Kroesbergen & Van Luit, 2003; Stuebing, Barth, Cirino, Francis, 6£ Fletcher, 2008) . Additionally, when researchers use a skills-based approach at Tier 1 or Tier 2 in an RTÍ framework, they often accelerate the academic progress of many children (Al Otaiba &C Fuchs, 2006; McMaster, Fuchs, Fuchs, & Compton, 2005; Vaughn, Linan-Thompson, & Hickman, 2003) and decrease the likelihood that they will be wrongly identified as requiring special education.
As importantly, however, a skills-based approach fails to advance the progress of all students. Multiple research teams grappling with school-based implementations of RTl have independendy demonstrated the veracity of this claim (e.g., Fuchs, Fuchs, & Compton, 2004; Vaughn et al., 2010) . Extrapolating from their respective study samples, researchers have estimated chat from 2% to 6% of the general population will not benefit from a skills-based approach when implemented by researchers (rather than by practitioners), suggesting these percentages are a conservative estimate. Thus, research (and common sense) promotes a view that if a child has not responded sufficiently to skills-based instruction at Tier I, nor to a more intensive version at Tier 2, it makes little sense to "triple down" on the same approach at Tier 3. This raises the important question: If not a skills-based approach, then what?
COGNITIVELY FOCUSF.D INSTRUCTION
Cognitively focused instruction is a well-known alternative (cf Learning Disabilities Association, 2010) . One of two popular variants targets the putative cognitive processes responsible for academic problems. Low-achieving students with working memory difficulties, for example, are trained to become more proficient on working memory tasks with the expectation that this will lead to stronger academic performance (e.g.. Holmes, Gathercole, & Dunning, 2009) . A second version of this approach aims to strengthen cognitive processes and academic skills within the same intervention. Chenault, Thomson, Abbott, and Berninger (2006) , for example, implemented attention training followed by writing instruction. Hale et al. (2008) have argued for the efFicacy of cognitively focused instruction, as have Fiorello, Hale, and Snyder (2006) , who described it as one potential approach to instruction used in "cognitive hypothesis testing." Hale and Fiorello (2004) presented case studies in which cognitive hypothesis testing (involving various combinations of cognitively focused and academic instruction based on cognitive assessment) improved children's academic performance.
Others take issue with the claim. A large group of academics, policy makers, and others (cf The Consortium for Evidence-Based Early Intervention Practices, 2010) insists that cognitively focused instruction fails to improve student achievement. Critics of the approach often cite Diagnostic Prescriptive Instruction (DPI) as an important case in point. In the 1960s, Frostig and Horne (1964) , Kirk and Kirk (1971) , and others developed DPI as an alternative to (and a reaction against) a popular, behavioral, task-analytic approach to teaching at-risk students with and without disabilities. DPI embodied important features of cognitively focused instruction, particularly the related beliefs chat weak cognitive processes were responsible for poor school achievement and that these processes could be identified reliably and strengthened sufficiently through targeted training, with the result that students' schoolwork would improve. The position papers and empirical evidence brought to bear against DPI in the 1970s and 1980s are well known (e.g., Arter & Jenkins, 1979; Hammill & Larsen, 1974; Mann, 1979) .
Notwithstanding the cogent criticism of DPI, one can question the fairness and relevance of basing declarations against all cognitively focused instruction, in principle and practice, on decades-old evidence and an antiquated, discredited approach. Since the 1970s and 1980s, cognitive science and neuroscience have developed into fields that are sprawling, overlapping, and exciting. Much more is now known about the cognitive mechanisms of learning and how learning reshapes brain networks that affect attention and academic behavior (cf. Varma, McCandliss, & Schwartz, 2008 ). Yet as far as we know, there has not been a systematic and comprehensive review of the literature pertaining to cognitively focused instruction since Kavale's (1982) review more than a quarter century ago. Thus, we suggest that recent claims made for and against cognitively focused instruction should be regarded cautiously. It is timely to ask: "What does the relevant and more recent scientific literature say? Is there evidence that cognitively focused interventions produce academic improvements for low-achieving students with and without a learning disabilities (LD) label; with and without presumed cognitive deficits?" Those are the basic questions we address in this article.
We suggest that recent claims made for and against cognitively focused instruction should he regarded cautiously.
OUR REVIEW
There are many compelling reasons for conducting a comprehensive arid systematic review of the efficacy of cognitively focused instruction. Foremost, as mentioned, a significant minority of students do not respond to validated skills-based instruction, even when applied with fidelity. Something more is needed to help these children. Educators require the equivalent of a new class of drugs to combat a serious and stubborn national health issue (persistent low achievement among many in the K-12 population). Cognitively focused instruction may prove a useful alternative or supplement to skills-based instruction in specific instances for certain students. Second, as an individualized approach, it seems well-suited in principle for use at the most intensive tier in an RTI framework. Third, it reflects or aligns with a traditional belief held by many that LD is characterized by isolated weaknesses in basic psychological processes that negatively affect academic performance. Fourth, as mentioned, given a sizable increase in understanding over the past 2 decades of the cognitive mechanisms that affect learning, and an apparent absence of a review of the literature on cognitively focused instruction during this interval, it is timely to conduct such a review now. We searched for studies in which researchers attempted to use cognitively focused interventions-alone or in combination with academic interventions^to improve the academic achievement of low-performing students with and without LD and with and without specific cognitive deficits. We organized these intervention studies into three categories, the first of which brought together aptitude-by-treatment-interaction (ATI) investigations. ATI refers to the matching of a population characterized by a specific need (i.e., cognitive deficit) to a specific instructional intervention (cf. Cronbach, 1971) . In principles this matching of deficit to instruction is the essence of cognitively focused instruction. Hence, we beheve ATI studies represent the most meaningful and rigorous test of this instructional approach. In such studies, participants have one of two (or more) cognitive deficits. If students with Deficit A do better in Cognitive Intervention A (matched to Deficit A), whereas students with Deficit B do better in Cognitive Intervention B (matched to Deficit B), an ATI is observed. Such studies are rare.
A second category, and next-most-rigorous test, is represented by studies in which researchers assign low-performing students (with or without a specific cognitive deficit or an LD label) to cognitively focused instruction or academic instruction. If students in the cognitively focused intervention show greater academic improvement, it only suggests an ATI because the researchers do not explicitly match cognitive deficits to the intervention. Academic instruction here refers to just that-instruction aiming to improve academic performance. Few authors of studies in this second category conducted skills-based instruction as defined by Gersten et al. (1986) , a point to which we will return.
A third category is when investigators compare the academic performance of students participating in a cognitively focused intervention to business-as-usual controls. We consider this a least rigorous test because the comparison group receives only business-as-usual classroom instruction. If students in this group had received some form of systematic support from the researchers, they may have met or exceeded the gains of the treatment group. Nevertheless, positive effects in this third group of studies favoring cognitively focused instruction would suggest the approach may have benefits-no small feat when it often has no academic components (e.g., covering one lens in glasses; Stein, Richardson, &c Fowler, 2000) .
In our review of these three types of cognitively focused intervention studies, the outcome of interest was always academic achievement (e.g., arithmetic, Naglieri & Gottling, 1997; reading accuracy and reading comprehension, Robertson, 2000; writing qualit) ', Graham &: Harris, 1989) . We deliberately excluded studies that examined only cognitive outcomes (e.g., Klingberg et al., 2005) because the value of cognitiveiy focused intervention, we believe, must be proved in terms of academic benefits. If working memory training strengthens working memory but fails to improve reading or math skills, its practical importance is hard to defend.
The following were the specific questions that structured the review:
• Do cognitively focused interventions produce better academic results when they are matched, versus not matched, to the students' cognitive deficits (i.e., has an ATI been demonstrated)?
• Do cognitively focused interventions produce greater school achievement than academic interventions?
• Do cognitively focused interventions promote greater academic progress than business-as-usual (control) instruction?
M ETH o DS

INCLUSION AND EXCLUSION CRITERIA
We had five requirements for a study to be included in this review. First, authors had to use a cognitively focused intervention. We defined this as a program designed to improve a cognitive function (e.g., visual processing). As indicated, we also included studies of interventions that combined cognitively focused and academic components (e.g., Goldstein & Obrzut, 2001) . Second, authors of included studies used academic outcomes. Studies with only cognitive outcomes were excluded (e.g., KÜngberg et al., 2005) . Third, authors of qualifying studies also used experimental and control (or comparison) groups or students as their own controls. That is, only experimental or quasi-experimental studies were included. Case studies (cf Hale & Fiorello, 2004; Hale et al., 2008) were excluded because they did not permit cause-and-effect conclusions. Fourth, we did not include medical interventions, such as those testing drug effects (e.g., methylphenidate for attention deficit hyperactivity disorder [ADHD] ). Finally, we omitted studies of phonological processing/phonological awareness (PA) because many prior studies have identified the value of this type of cognitive training for reading (cf. Snow, Burns, & Griffin, 1998) .
LITERATURE SEARCH
Articles were obtained through electronic searches of PsycINFO and ERIG, hand searches of relevant journals, and ancestral searches of key articles. The electronic searches were conducted separately for cognitive domains identified by Gattell-Horn-Carroll (CHG) intelligence theory (Floyd, Keith, Taub, & McGrew, 2007) and che Planning, Attention, Simultaneous, and Successive (PASS) theory (Das, Naglieri, & Kirby, 1994 Hale and Fiorello (2004) , Fiorello et al. (2006) , and Hale et al. (2008) . We also conducted ancestral searches of the references of studies included in the review. The first author of this article also received a citation of a study (Iovino, Fletcher, Breitmeyer, & Foorman, 1998 ) from a reviewer of an earlier draft of this article.
CODING OF STUDIES
Thirty-nine articles met our inclusion criteria and were coded by the first author to (a) describe participants, interventions, and measures; (b) evaluate study quality; and (c) calculate effect sizes for outcome measures. Six of the 39 articles were coded as two studies, one as three studies, and one as four studies. The database therefore contained 50 investigations from the 39 articles shown in Table 1 Where possible, effect sizes were calculated using Cohen's d formula. Pretreatment standard deviations were used for these calculations because they refiect the students' performance before intervention. When means and standard deviations were not available, effect sizes were calculated using z, t, or F statistics or p values. We present effect sizes, but this is not a meta-analysis. We included studies that did not provide sufficient data for calculating effect sizes because we wished to describe and discuss as full a range as possible of cognitively focused interventions in this relatively limited literature.
RESULTS
GENERAL DESCRIPTION OE STUDIES
Collectively, study authors attempted to improve student academic performance by targeting a broad range of cognitive processes: attention, fluid processing/metacognition, language/ auditory processing, motor processing, planning, processing speed, successive processing, visual processing, working memory, and multiple cognitive processes, which constitute the rows in Table  2 . (Several of these cognitive processes were not part of initial search procedures but were added during subsequent hand and ancestral searches.) Moreover, within a single cognitive process category there were many approaches to intervention. Among the visual processing studies, for example, researchers used interventions involving color reading overlays (Iovino et al., 1998) , occluded lenses (Stein et al., 2000) , and reading with eyetracking control (Solan, Larson, Shelley-Tremblay, Ficarra, & Silverman, 2001 ).
The authors of the 50 studies selected a diverse range of participants (see Table 2 ). They worked with students with a specific cognitive deficit in 21 studies, with children with an LD label in 13 studies, and with low-achieving students without a disability designation in 16 studies. The methodological quality of the studies varied, too. We rated each on seven criteria, reflecting the combined recommendations of Gersten et al. (2005) and Booth (2006) . Investigations were given a rating of 1 when they met a criterion; 0 when they did not. They were awarded a 1 if subject attrition was less than 30% and if there was a 10% or less difference between attrition rates of the study groups (criterion #1). They were also given a 1 when the study groups were comparable-that is, not significantly different on treatment outcomes at pretreatment or on demographic characteristics such as gender or Exceptional Children ethnicity (criterion #2); when random assignment (criterion #3) and control or comparison groups (criterion #4) were deployed; when treatment duration was 8 hr or more (criterion #5); when the treatment was conducted with at least 75% accuracy (criterion #6); and when effect sizes were easy to compute (criterion #7). Ease of calculating an effect size was the only criterion for which partial credit was given. In cases where authors did not provide pretreatment and postcreatment-or gain-means and standard deviations, but effect size calculation was possible using an /^statistic, í statistic, or^ value, studies were rated 0.5. Seventy-nine percent of studies provided sufficient information to permit straightforward calculation of effect sizes. Few studies met attrition (32%) and fidelity of implementation (6%) criteria, mostly because they did not report tbese data. A majority of studies, by contrast, included a control or comparison group (78%) and described interventions of sufficient length (60%) to detect effects. Only 40% used random assignment; 60% documented that treatment and comparison students were comparable on key characteristics prior to intervention. For each study, we created an aggregate quality rating by summing our evaluations ofthe seven criteria. Two caveats are necessary regarding our ratings of study quality. First, we treated each of our seven criteria as equally important. Yet, they are probably not so. Second, the criteria are biased toward authors of studies who conducted treatments requiring multiple hours of implementation. For these reasons, our ratings should be regarded as rough estimates of study quality.
Spring 2013 RESEARCH QUESTION #1: Do LOW-ACHIEVING STUDENTS WITH A SPECIFIC COGNITIVE DEEICIT BENEEIT MORE EROM A MATCHED COGNITIVELY EOCUSED INTERVENTION THAN EROM ONE NOT MATCHED EOR THE DEEICIT?
Studies addressing this question had to meet the criteria that (a) students with a specific cognitive deficic were identified and were given an intervention matched to their deficit, and (b) other students with the same deficit in a comparison group were given an intervention that deliberately did not match their deficit. Five such studies were found. Table 1 presents detailed information about each one, including participants, interventions, measures, and results. Dryer, Beale, and Lambert (1999;  reported as two studies), examined the effects of two interventions on two populations of students: those with "linguistic-type" dyslexia (who read quickly but with many errors; Study A) and those with "perceptual-type" dyslexia (who had slow passage reading; Study B). Each study included two interventions, which targeted the two putative types of dyslexia. The linguistically focused intervention consisted of reading words with unusual typefaces and feeling wooden letters inside a box. The perceptually focused intervention directed students to read words with abstract meanings and complete cloze exercises. The third study, conducted by Robertson (2000) , focused on students with linguistic-type dyslexia but provided instruction similar to that of Dryer et al., designed for linguistic-type dyslexia in one group and for perceptual-type dyslexia in the other. The researchers in the other two studies (Kerns, Eso, & Thomson, 1999; Shalev, Tsal, & Mevorach, 2007) worked with students with ADHD and provided cognitively focused intervention designed to improve four dimensions of attention (e.g., selective attention).
In terms of our quality indicators. Dryer et al. (1999) met five of the seven criteria in each of their studies. They did not document rates of attrition or fidelity of implementation. This was also true of the studies by Robertson (2000), Kerns et al. (1999) , and Shalev et al. (2007) . Additionally, Robertson did not establish pretreatment comparability of groups or provide effect size information. The study was awarded a rating of 3.0. Kerns et al. met comparability and effect size criteria but did not use random assignment. This research group was awarded a 4.0 rating. Shalev et al. provided partial effect size information and met 3.5 criteria.
There were no statistically significant effects in the Dryer et al. (1999) studies. In Study A, the students with linguistic-type dyslexia did no better in linguistically focused training than in perceptually focused training. In Study B, those with perceptual-type dyslexia performed equally when they participated in the two trainings. Robertson (2000) claimed to find a statistically significant effect favoring linguistically focused training for students with linguistic-type dyslexia, but Robertson calculated significance with a one-tailed test and obtained the effect mainly due to worsening treatment group performance. Large effects were found by Kerns et al. (1999) for their attention treatment {ES = 3.70) on an author-developed timed arithmetic test. Shalev et al. (2007) reported a statistically significant reading comprehension effect (£"5 = 0.74) for their computerbased attention training. Data from two of the five studies provided evidence suggesting that when a treatment is matched to a cognitive deficit it will produce better effects than when it is not designed for that deficit.
RESEARCH QUESTION #2: Do LOW-ACHIEVING STUDENTS BENEEIT MORE EROM A COGNITIVELY EOCUSED INTERVENTION THAN AN ACADEMIC ONE?
Eleven of the 50 studies explored this question. One addressed attention difficulty (Chenault et al., 2006) ; two involved eye-movement training (Facoetti, Lorusso, Paganoni, Umilta, & Mascetti, 2003; Solan et al., 2001) ; three explored the training of multiple cognitive processes (Hayward, Das, & Janzen, 2007; Mantzicopoulos, Morrison, Stone, & Setrakian, 1992, Study A; Parrila, Das, Kendrick, Papadopoulos, & Kirby, 2000) ; two evaluated interventions for linguistic and perceptual dyslexia (both in Goldstein & Obrzut, 2001) ; one focused on successive processing (Spencer, Snart, & Das, 1989) ; one examined self-regulation training in combination with writing strategy training (Graham & Harris, 1989) ; Exceptional Children and one explored auditory processing {Hook, Macaruso, &Jones, 2001) .
These investigations targeted students with LD (8 studies) or with low achievement and no identified disability (3 studies). Studies were also variable in terms of the soundness of their respective methods or quality ratings {M = 3.86, SD = 0.90). We gave one a rating of 6.0 (Chenault et al-, 2006) ; two, a 4.5 (Facoetti et al., 2003, Study A; Manr¿icopoulos et al., 1992) ; four, a 4.0 (Graham & Harris, 1989; Hook et al., 2001 ; Parrila et al., 2000; Solan et al., 2001) ; and four, a 3.0 (Goldstein & Obrzut, 2001 , both studies; Hayward et al., 2007; Spencer et al., 1989) .
Researchers of 2 of the 11 studies reported statistically significant results. Spencer et al. (1989) used the Test of Written Spelling to document that students who participated in their successive processing treatment performed more strongly than students in a classroom-based spelling program {ES = 0.67). Ghenault et al. Authors of five studies reported no statistically significant effects. Students with reading disabilities in Solan et al. 's (2001) eye-movement treatment showed no greater gains on the GatesMacGinitie Comprehension subtest than students in a reading comprehension program. Parrila et al. (2000) found no effects on the Woodcock Reading Mastery Test-Revised (WRMT-R; Woodcock, 1998) . Word Attack and Word Identification subtests for the PASS Remediation Program (PREP), designed to train cognitive processes (Naglieri &: Das, 1997) . Researchers conducted PREP in several studies. Typically, the researchers used a set of cognitive training exercises that relied on such activities as bead-threading and memory for digits in addition to requiring the practice of academic skills (e.g.. Spencer et al., 1989) . In their Study A, Mantzicopoulos et al. (1992) administered five posttreatment-only reading-related tests and also failed to obtain reliable effects for a program targeting visual, motor, and auditory processes. Graham and Harris (1989) compared self-regulation training and writing strategy instruction to writing strategy instruction alone. They did not find statistically significant between-group differences on story grammar or holistic writing quality scores. Neither were Hook et ai. (2001) Effects for three studies could not be determined. In both of their studies, Goldstein and Obrzut (2001) compared students in treatment to those with different deficits in a comparison group. Those in the treatment groups (students with perceptual dyslexia in Study A; students with linguistic dyslexia in Study B) were compared to students with "mixed type" dyslexia. The absence of a comparable control makes determination of the Intervention's effect difficult. Effects across conditions could not be obtained for Facoetti et al. (2003) . They found within-group differences between pretreatment and posttreatment and significant improvements in reading speed and accuracy, but they did not conduct a Group x Time test of Intervention effects.
RESEARCH QUESTION #3: Do COGNITIVE INTERVENTIONS HAVE ACADEMIC BENEFITS IN COMPARISON TO NO-TREAT/^ENT CONTROLS?
Studies addressing this question constitute the least rigorous test of the importance of cognitively focused Interventions. Nevertheless, If authors of this type of study find that students Involved In such interventions demonstrate greater gains than controls, we may conclude that cognitively focused instruction has value. Thirty-four studies (the largest of three groups of investigations in our review) addressed this question. They Note: "RQ#1 : Do cognitive interventions matched to a cognitive deficit improve student academic performance more than interventions no: matched to a cognitive deficit? ''RQ#2 : Do cognitive interventions improve student academic performance more than academic interventions? "^RQ#3: Do cognitive interventions improve student academic performance relative to no-treatment controls? ''EfFect sizes are not weighted according to sample size. EfFect sizes are averaged across all effects, including studies with reported nonsignificant and negative efFects for studies where effect sizes could be calculated.
included interventions for a range of cognitive deficits including visual ptocessing (12 studies), multiple cognitive processes (9 studies), motor processing (3 studies), language or auditory processing (3 studies), and 7 studies in six other domains. These studies a|so varied considerably in their overall quality {M -3.31, SD = 1.35; see Table 3 ).
Interventions for Multiple Cognitive Processes.
These nine studies are discussed as a group because all researchers attempted to improve academic outcomes through a multidimensional, cognitively focused program. PREP was the focus of five studies (Boden & Kirby, 1995; Carlson & Das, 1997, Studies A and B; Das, Mishra, &: Pool, 1995; Papadopoulos, Charalambous, Kanari, & Loizou, 2004) . Lamminmaki et al. (1997a; 1997b) , Aro, Ahonen, Tolvanen, Lyytinen, and Todd de Barra (1999), and Mantzicopoulos et al. (1992, Study B) also targeted a range of cognitive processes, including spatial and temporal orientation, perceptual skills, language skills, and skill integration, in addition to academic elements such as reading or numerical skills. We assigned a quality rating to this group in the average range (M= 3.83; SD = 0.83).
Effects for PREP were strong. The Carlson and Das (1997) , and phoneme elision {FS = 1.47), although these effect sizes may be inflated by pretreatment floor effects. We treated these outcomes as academic measures because the study was condticted in kindergarten classrooms where PA is taught as an academic skill. The study was not excluded because the cognitively focused treatment did not involve PA. Boden and Kirby (1995) found a statistically significant positive effect of PREP for measures of word reading {ES = 0.71) and pseudoword reading {ES = 0.47), although students in PREP did no better than controls on passage comprehension. Das et al. (1995) also found statistically significant effects on word reading {FS = 0.65) and pseudoword reading {FS = 0.77). Overall, these five studies illustrated the potential value of a program focused on improving multiple cognitive skills. Lamminmaki et al. (1997a) found an effect favoring their homework assistance control group for reading and mathematics, but there was not sufficient information to calculate effect sizes. Lamminmaki et al. (1997b) -in a study that extended Lamminmaki et a!. (1997a)-found a statistically significant effect favoring intervention for reading (ES = 0.50) but not for mathematics or writing. Aro et al. (1999) examined the impact of a similar cognitive treacment compared to an identical homework assistance control using a multivariate analysis of variance (MANOVA) and found no significant differences between the groups in reading or mathematics. Manr¿icopou-los et al. (1992, Study B) found no reliable training effects in terms of study participants' reading and spelling skills on six different academic measures.
Interventions for Visual Processing. Twelve studies examined ways to improve visual processing. Two articles-by Iovino et al. (1998) and Lightstone, Lightstone, and Wilkins (1999)-accounted for seven of the 12 studies. All seven examined the importance of text overlays and included participants used as their own controls. Iovino et al. gave students parallel forms of passages to read when using either blue (Studies A and C) or red (Studies B and D) overlays. Students in Studies A and B had reading or spelling disabilities, and students in Studies C and D had ADHD. Lightstone et al. provided students tinted lenses to wear for 2 months to help with eye strain. Then the researchers asked the students to read while wearing the lenses and using a colored overlay of the sttidents' choice (Study A), a colored overlay of the same color as the lenses (Study B), or a colored overlay that the researchers believed would match the lens color (Study C).
In the remaining studies, Martin, Mackenzie, Lovegrove, and McNicol (1993) provided colored glasses to improve text readability to students with scotopic sensitivity, a condition reported to visually distort black text on a white background. Geiger, Lettvin, and Fahle (1994) directed students with dyslexia to practice eye-hand coordination and to read on a computer screen, restricting the amount of text visible at one time. SmitGlaude, van Strien, Licht, and Bakker's (2005) students with dyslexia read words presented only on the left side of a computer screen ro stimulate the right cerebral hemisphere. Bakker, Bouma, and Gardien (1990, Study B) tested an intervention to treat perceptual-type dyslexia that was similar to Dryer et al. (1999) and Robertson (2000) . Finally, Stein et al. (2000) customized glasses so that students could only see through one eye.
We gave low quality ratings to many of these 12 studies. All but Stein et al. (2000) lacked random assignment; only Bakker et ai. (1990) included a lengthy intervention; and not one study reported fidelity of treatment implementation. In the Martin et al. (1993) investigation, inferences about the effect of background color on a single population were not possible becatise the authors compared qualitatively different groups, namely intervention students with LD and with scotopic sensitivity and control students witb LD but without scotopic sensitivity. Geiger et al. (1994) initially used random assignment but later switched noncompliant students to the control condition. Smit-Glaude et al. (2005) randomly assigned schools to treatment conditions, but then analyzed their data at the student level.
Statistically significant effects were reported for six studies. Bakker et al. (1990, Study B) obtained reliable effects for word reading {ES = 0.67) but none for text reading. For Geiger et al. (1994) , treatment students made more progress toward grade-level reading performance tban controls (£S = 1.40), although changing "noncompliant" intervention students to controls weakens this finding. In all three of Ligbtstone et al. 's (1999) studies, students read faster wben given tbe overlay, whether it was student-chosen {ES = 0.31), matched the color of the lenses (ES = O.i9), or was consistent witb theoretical expectations {ES = 0.38). For Stein et al. (2000) , a positive effect for the occlusion treatment was detected in terms of cbildren's reading age on tbe British Abilities Scale {ES = 0.35). Iovino et al. (1998) found that blue overlays improved tbe reading comprehension accuracy of students witb reading and spelling disabilities, students witb ADHD, and students with typical achievement. They did not find a statistically significant interaction sucb that the blue overlays differentially improved reading comprehension performance. Sinit-Glaude et al. (2005) did not obtain significant effects for their treatment. For reasons described above, effects could not be determined for the study conducted by Martin et al. (1993) .
Interventions for Planning. Research by Naglieri and Gottling (1997) and Naglieri and Johnson (2000) examined the efficacy of an intervention focusing on planning skills fot students with a cognitive weakness in planning, identified using PASS theory. The researchers asked the students to discuss good planning strategies for completing researcher-designed mathematics worksheets (e.g., "find the easy ones and do those first," Naglieri & Johnson, 2000, p. 593) . Following discussion, the students completed the worksheets. The percentage of problems correct on the worksheets was the outcome of interest, and the researchers compared baseline and treatment data for the same children, using them as their own controls.
We gave the planning studies quality ratings of 0.5 (Naglieri &c Gottling, 1997) and 1.5 (Naglieri & Johnson, 2000) . We judged experimental control to be lacking because the researchers did not stagger entry of participants, a key feature of studies that use participants as their own conttols (cf. Kennedy, 2005) . The repeated use of the same type of mathematics worksheet also makes repeated testing a plausible reason for improvement.
In both studies, students with planning difficulty performed better during treatment than baseline on the worksheets {ES = 0.91 and 1.78). Naglieti and colleagues' (Naglieri ôc Gottling, 1997; Naglieri & Johnson, 2000) samples, however, were small (three or four participants), and no testing of statistical significance was used. Finally, the auto-tegressive impact of using participants as their own controls may have inflated effects.
Other Intervention Studies. The remaining 11 studies included interventions for motor processing (Humphries, Wright, Snidet, & McDougall, 1992, Study A and Study B; Reynolds, Nicolson, & Hambiy, 2003) , attention (Solan, ShelleyTremblay, Ficarra, Silverman, & Larson, 2003) , metacognition (Miranda, Presentación, & Soriano, 2002) , language or auditory processing (Bakker et al., 1990, Study A; Kujala et al., 2001; Lovett, Ransby, Hardwick, Johns, & Donaldson, 1989 ), processing speed (van den Bosch, van Bon, & Schreuder, 1995 , successive processing (Churches, Skuy, & Das, 2002) , and working memory (Holmes et al., 2009) . t'he studies varied in quality, with tarings ranging from 2.0 to 6.0 (M= 3.79, 5Z5= 0.90) .
Four studies reported positive treatment effects. Kujala et al. (2001) showed positive effects for word and text reading {ES = 0.68 and 0.55) in a Finnish study sample. Lovett et al. 's (1989) language development ttaining improved students' outcomes on the WRAT-R Reading test when compated to a nonacademic "classroom survival skills" treatment {ES = 0.42), although this finding did not hold for nine other academic measures. Miranda et al. (2002) reported that their metacognitive attention treatment produced effects on the WISC-R Arithmetic subtest {ES = 0.64). Solan et al. (2003) found that their attention treatment improved performance on the Gates-MacGinitie Reading Comptehension subtest (£5 = 0.85).
Results for two studies could not be ascertained. Chutches et al. (2002) reported large student-level effects for their PREP-based training {ES = 3.05 for WRMT-R Word Identification and ES = 3.56 for WRMT-R Word Attack), but had conducted the assignment at the classroom level with only one classtoom pet treatment. Reynolds et al. (2003) claimed to have significant effects, E (1, 33) = 5.08 for a 2 X 2 ANOVA, but violated the assumption of equal-interval data by measuring progress with percentile scores.
Five studies did not find significant treatment effects compared to controls. Both Humphries et al. (1992) studies compared treatments to control on six academic measures and found no statistically significant effects. Holmes et al. (2009) did not find posttest effects on basic reading and mathematical reasoning for their adaptive working memory treatment. They did find treatment students had higher mathematical reasoning 6 months later, but this result was not compared to controls, van den Bosch et al. 's (1995) ptocessing speed treatment had no effects for word reading or pseudoword reading accuracy. Bakker et al.'s (1990, Study A) linguistically focused training did not have an effect for reading connected text, but the researchers found a negative tteatment effect (i.e., control students improved more) for word reading {ES = -0.48). Table 3 summarizes the findings across all studies for the three research questions. For Research Question #1, positive effects were found for two studies, with an average effect size of 1.12 (where we could calculate effect sizes) and a mean quality rating of 4.5. For Research Question #2, 18% of studies had positive effects, with an average effect size of 0.26 and mean quality rating of 3.86. For Research Question #3, 50% of studies had positive effects, with an average effect size of 0.60 and quality rating of 3.55. Again, for reasons already stated our ratings should be viewed as rough indicators of study quality.
PARSING THE IMPORTANCE OE COGNITIVELY FOCUSED AND ACADEMICALLY FOCUSED COMPONENTS
The idea behind cognitively focused intervention is that instruction addresses a putative cognitive deficit directly, rather than focusing on academic skills. Holmes et al. (2009) , for example, developed a treatment comprising only working memory practice; there was no academic component. More often, those who design cognitively focused interventions combine them with one or more academic components. The language processing program evaluated by Hook et al. (2001) , for example, included letter-sound practice, even though most activities focused on the use of computer-modified speech to improve language processing. Use of the cognitive-academic hybrid interventions raises the question whether one component or the other (or both) is responsible for obtained outcomes. With this in mind, we examined outcomes for interventions that were (a) cognitiveiy and academically focused, or (b) cognitively focused only.
For Research Question #1, unweighted effect sizes were larger for the two studies of cognitively focused treatments (Kerns et al., 1999, and Shalev et ai., 2007 ; mean ES = 2.17) than for the two studies of combined cognitive and academic interventions for which effect sizes could be ascertained (the Dryer et al., 1999 studies; mean £S = 0.06). For Research Questions #2 and #3, however, outcomes favored the combined cognitive and academic treatments (for combined treatments, mean ES = 0.27 and 0.79 for #2 and #3, respectively; for cognitively focused treatments.
mean ES = 0.19 and 0.32). Although study findings within and across research questions are inconsistent, results for Research Questions #2 and #3 suggest an added value for academic instruction.
D I SC U SSI O N
Our overall aim in this review was to understand whether cognitiveiy focused instruction enhances the academic performance of students at risk for school failure. We first asked whether instruction designed for children with a particular cognitive deficit promotes greater academic improvement than instruction not matched to the deficit. In other words, what benefit accrues from an alignment of instruction and deficit? We found only five studies addressing this question. Two produced data to support the proposition. (Both were cognitively focused interventions.) Second, we explored whether cognitive approaches to instruction (irrespective of whether they match children's specific deficits) produce greater academic achievement than academically focused instruction alone. Here, we located 11 studies, two of which reported effects favoring cognitive instruction (and both representing hybrid, cognitively and academically focused interventions). Five of the 11 studies indicated no reliable betweengroup differences. For three additional studies, we could not determine effects; and in one study, the group participating in academic instruction did better. Third, we inquired whether cognitively focused interventions (matching and not matching students' deficits) accelerate students' progress relative to business-as-usual controls. Investigators of 18 of 34 studies found statistically significant effects favoring cognitively focused instruction (four of which were cognitively focused only). Eleven studies found no statistically significant group differences; three had methodological problems precluding causal inference-making; and two indicated that controls outperformed the treatment group. Across these three groups of studies, 22 of 50 investigations described statistically significant outcomes favoring cognitively focused instruction, four when such instruction was competing head-to-head against academic instruction. (Two of these four were cognitively focused only approaches.) Thus, a minority of reviewed studies supported the efficacy of cognitive interventions; fewer still when the cognitive component was not paired with an academic intervention. Complicating interpretations of this work is that researchers sometimes used relatively weak experimental controls. The correlation between the studies' effect sizes and our quality-of-study ratings showed a marginally statistically significant negative trend (r = -.25, p = .09, n = 43) such that stronger group differences were associated with weaker methods.
RESEARCH YES, PRACTICE NOT YET
An obvious conclusion from our review is that cognitively focused instruction, in the main, is still early in its development. Few cognitively focused programs have been explored by researchers in sufficient numbers and with appropriate experimental control to warrant an endorsement as evidence-based practices. And yet, we believe we would be misrepresenting this literature if we were to say that findings justify an out-of-hand, or conclusive, dismissal of such an approach. We wish to see a greater number of intervention researchers take cognitively focused instruction seriously, and we have two reasons for this. First, the evidence suggests it may have potential. Second, there is indisputable need for alternative methods of instruction for the 2% to 6% (cf. Wanzek & Vaughn, 2009 ) of the general student population for whom academic instruction-including Dl-inspired skills-based instruction-is ineffective. The plight of these children and youth should challenge educational researchers to develop instructional programs and curricula that are imaginative in design and application and empirically validated for those for whom they are intended.
Many of the researchers whose work we have reviewed have demonstrated this spirit of inquiry. Some of their interventions are unusual, which has on occasion prompted skepticism and even mockery. However, their intervention work is often based on correlation research suggesting linkages between cognitive processes (e.g., working memory) and poor academic performance (e.g.. Holmes et al., 2009) . It may also be important to remember when considering some of the m.ore unorthodox approaches among them that the research and development process is not always predictable. Research on angiotensin-converting enzyme (ACE) inhibitors is a case in point. As is widely known, ACE inhibitors help prevent stroke, heart disease, and major cardiovascular events and have proven more effective than diuretics. Less known is that the ACE-inhibiting compound-the active ingredient-was first isolated in the venom of the South American pit viper in the 1960s, a snake whose bite causes a rapid drop in the blood pressure of its victims. Had the medical community been overly suspicious of the drug's strange origins, an important blood pressure treatment may never have been brought to market.
The plight of these children and youth should challenge educational researchers to develop instructional programs and curricula that are imaginative in design and application and empirically validated for those for whom they are intended.
In this same spirit of inquiry, researchers might consider creating novel interventions that are neither strictly skilled-based academic programs nor cognitive training as conceived in the DPI era. There are multiple possibilities. We have already described the pairing of cognitively focused instruction with academic instruction (e.g., Chenault et al., 2006) . A second approach is the use of skills-based interventions that involve task-relevant cognitive processes so that the cognitive processes are not taught in isolation. Such interventions claim varying degrees of empirical support. Self-regulated strategy development (SRSD), for example, is a skills-based writing intervention that requires students to use metacognition during their writing (e.g., Graham Si Harris, 1989) . Mnemonics instruction aims to improve both metamemory and academic skills (e.g., Mastropieri & Scruggs, 1998) .
A third option: Accommodate students' cognitive deficits by modifying the learning context. Montgomery (2004) , for example, showed that by slowing by 25% che rate at which speech was directed at students with speech and language disorders, the children could comprehend at the same level as syntax-matched, typically-achieving peers.
Fourth, it may be productive to explore whether cognitive characteristics moderate instruction such that students with cognitive characteristic A improve more than students with characteristic B in the same skills-based program; or whether students with cognitive characteristic A generally outperform those with characteristic B in one program while the reverse is obtained in a second program. Might cognitive characteristics, in short, cause differential responses to the same or different instructional programs? More generally, do cognitive attributes interact with features of instruction? (See Baron & Kenny, 1986 , on the importance of moderators to understand for whom a treatment is important and under what conditions.) The general point, here, is that cognitive moderators may be potentially important not because they can become targets of remediation {through abilities training) but because they may suggest ways to tailor instruction for those not benefitting from it in its current form. Implicit is the suggestion that skills-based and cognitively focused approaches are not mutually exclusive. Researchers and practitioners may be able to use both to develop more effective programs for a greater number of children with severe learning problems.
LIMITATIONS OF THE REVIEW
Our characterization of study Findings, and interpretation of results, must be considered in light of several important limitations. The first is that we did not conduct a meta-analysis. We calculated effecc sizes for individual studies but did not test the statistical significance of effect size comparisons. We chose against a meta-analytic approach because we wanted to include studies for which we could not calculate effects. In addition, our grouping of studies often resulted in too few studies per group on which to conduct a meaningful meta-analysis. A second limitation is that we did not explore every possible cognitive domain. We searched for studies of cognitive processes associated with two theories of intelligence-namely, the CHC and PASS theories-because of their prevalence in the literature. Other theories of cognition (e.g., Sternbergs triarchic theory and Gardner's notion of multiple intelligences) were not pursued because associated categories were too broad to create searches.
Third, we intentionally omitted phonological processing because much has already been written about its academic effects. Similarly, we eliminated SRSD and mnemonics instruction because we considered their foci academic rather than cognitive. The research reports included in the review were judged by us more cognitively focused than either SRSD or mnemonics, but we recognize that the degree of cognitive focus varies. We included a large number of studies that were almost completely cognitive in their orientation (K = 19; e.g., Shalev et al., 2007) or had a strong cognitive emphasis (« = 23; e.g., Stein et al., 2000) . Eight studies had a mix of cognitive and academic elements, and some readers may consider the degree of academic emphasis close to that of SRSD (e.g., the Dryer et al., 1999 and Robertson, 2000 studies) . We drew lines we considered clear but we acknowledge they are arbitrary and disputable.
Fourth, "academic instruction" covers a very broad range of interventions in this article. Some no doubt were conceptualized more strongly and implemented with greater fidelity than others. Few, we suspect, would have qualified as "skillsbased instruction" as defined by us and Gersten et al. (1986) . Most importantly, we infrequently had adequate descriptions of the academic interventions. As a result, the "counterfactual"-or the treatments to which cognitively focused instruction was compared-was often poorly understood, which prevented us from fully understanding how cognitively focused approaches were better or worse.
Yet another limitation was that LD was the only disability included in our review. Studies of students with Down syndrome were excluded despite evidence that these students tend to have working memory difficulty in comparison to mental-age matched controls without disabilities (Frenkel & Bourdin, 2009; Jarrold & Baddeley, 1997) . By describing these limitations, we hope to help readers place our findings in proper con-text and to provide researchers with ideas for conducting future syntheses in this interesting area of scholarship.
